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Decays χcJ (J = 0, 1, 2) → ωφ are studied using (448.1 ± 2.9) × 10
6 ψ(3686) events collected
with the BESIII detector in 2009 and 2012. In addition to the previously established χc0 → ωφ,
first observation of χc1 → ωφ is reported in this paper. The measured product branching fractions
are B(ψ(3686) → γχc0) × B(χc0 → ωφ) = (13.83 ± 0.70 ± 1.01) × 10
−6 and B(ψ(3686) → γχc1) ×
B(χc1 → ωφ) = (2.67 ± 0.31 ± 0.27) × 10
−6, and the absolute branching fractions are B(χc0 →
ωφ) = (13.84 ± 0.70 ± 1.08) × 10−5 and B(χc1 → ωφ) = (2.80 ± 0.32 ± 0.30) × 10
−5. We also
find a strong evidence for χc2 → ωφ with a statistical significance of 4.8σ, and the corresponding
product and absolute branching fractions are measured to be B(ψ(3686) → γχc2)×B(χc2 → ωφ) =
(0.91 ± 0.23 ± 0.12) × 10−6 and B(χc2 → ωφ) = (1.00 ± 0.25 ± 0.14) × 10
−5. Here, the first errors
are statistical and the second ones systematic.
PACS numbers: 13.20.Gd, 13.25.Gv, 14.40.Pq
I. INTRODUCTION
The lowest triplet P -wave states of charmonium (the cc¯
bound state), χcJ(1P ), with quantum numbers I
GJPC
= 0+J++ and J = 0, 1, and 2, can be found abundantly
in the electromagnetic decays ψ(3686) → γχcJ with an
approximate branching fraction of 30% [1]. The ψ(3686)
meson can be directly produced at the e+e− colliders,
such as the BEPCII [2], where the χcJ meson are eas-
ily accessible by the electromagnetic decays ψ(3686) →
γχcJ .
The hadronic χcJ decays are important probes of the
strong force dynamics. First of all, the mass of the c
quark (∼ 1.5 GeV/c2) is well known between the pertur-
bative and nonperturbative QCD domains in theoretical
calculations. Due to the complexity and entanglement
of the long- and short-distance contributions, large the-
oretical uncertainties of branching ratios for the χcJ →
V V decays are known [3–9]. (In this paper, the sym-
bol of V denotes the ω and φ mesons). The hadronic
χcJ decays provide a prospective laboratory to limit the-
oretical parameters and test various phenomenological
models. Second, the χcJ mesons have the same quantum
numbers JPC as some glueballs and hybrids, although
none of the glueball and hybrid states has been seen un-
til now[10]. The hadronic χcJ → V V decays are ideal
objects to exploit the glueball-qq¯ mixing and the quark-
gluon coupling of the strong interactions at the relative-
ly low energies. Third, the χcJ mesons are below the
open-charm threshold. Most of the hadronic χcJ decay
modes are suppressed by the Okubo-Zweig-Iizuka (OZI)
rule [11]. It is shown in the previous theoretical research-
es that the contributions from the intermediate glueballs
or hadronic loops can scuttle the OZI rule in the χcJ →
V V decays [12–15], and avoid the so-called helicity se-
lection (HS) rule (also called the “naturalness” which is
defined as σ = (−1)SP [16], where S and P are respec-
tively the spin and parity of the particle.) in the χc1 →
V V decays [8, 9].
The χcJ , φ and ω mesons differ from each other in their
quark components according to the quark model assign-
ments. This fact causes the χcJ → ωφ decay modes to
be doubly OZI (DOZI) suppressed, and results in the
branching fractions for the χcJ → ωφ decays much less
than those for the singly OZI-suppressed χcJ → ωω, φφ
decays [1, 18]. In reality ω and φ are not ideal mixtures
of the flavor SU(3) octet and singlet [17], which would
provide a source that violates the DOZI suppressed rule
for χc1 → ωφ. The DOZI-suppressed χcJ → ωφ decays
have been observed based on the 106×106 ψ(3686) events
accumulated with the BESIII detector in 2009, with sig-
nificances of 10 σ, 4.1 σ and 1.5 σ for the χc0, χc1 and χc2
decays, respectively [18].
In this paper, the χcJ → ωφ decays will be reinves-
tigated via the radiative transitions ψ(3686) → γχcJ
with combined experimental data, i.e., (448.1±2.9)×106
ψ(3686) events collected with the BESIII detector during
2009 and 2012 [19].
4II. BESIII DETECTOR AND MONTE CARLO
SIMULATION
The BESIII detector operating at the BEPCII collider
is described in detail in Ref. [2]. The detector is cylin-
drically symmetric and covers 93% of 4π solid angle. It
consists of the following four sub-detectors: a 43-layer
main drift chamber (MDC), which is used to determine
momentum of the charged tracks with a resolution of
0.5% at 1 GeV/c in the axial magnetic field of 1 T; a
plastic scintillator time-of-flight system (TOF), with a
time resolution of 80 ps (110 ps) in the barrel (endcaps);
an electromagnetic calorimeter (EMC) consisting of 6240
CsI(Tl) crystals, with photon energy resolution at 1 GeV
of 2.5% (5%) in the barrel (endcaps); and a muon counter
consisting of 9 (8) layers of resistive plate chambers in the
barrel (endcaps), with position resolution of 2 cm.
The geant4-based [20, 21] Monte Carlo (MC) simula-
tion software boost [22] includes the geometry and ma-
terial description of the BESIII detectors, the detector
response and digitization models, as well as a database
that keeps track of of the running conditions and the
detector performance. MC samples are used to opti-
mize the selection criteria, evaluate the signal efficien-
cy, and estimate physics backgrounds. An inclusive MC
sample of 5.1× 108 ψ(3686) events is used for the back-
ground studies. The ψ(3686) resonance is produced by
the event generator kkmc [23], where the initial state
radiation is included, and the decays are simulated by
evtgen [24] with known branching fractions taken from
Ref. [1], while the unmeasured decays are generated ac-
cording to lundcharm [25]. The signal is simulated
with the decay ψ(3686) → γχcJ generated assuming
an electric-pole (E1) transition. The decay χcJ → ωφ
is generated using helamp [24], the helicity amplitude
model where the angular correlation between ω decay
and φ decay has been considered. Ref. [18] shows that
the model describes the experimental angular distribu-
tion well. We assume χcJ → ωφ and χcJ → φφ have
the same helicity amplitudes with the same helamp pa-
rameters. In addition, χcJ states are simulated using a
relativistic Breit-Wigner incorporated within the helicity
amplitudes in the evtgen package [24]. The background
decays χcJ → ωK+K−, φπ+π−π0, and the nonresonant
decay χcJ → K+K−π+π−π0 are generated using the
phase space model.
III. EVENT SELECTION
In this analysis, the φ mesons are reconstructed by
K+K−, while ω by π+π−π0. Event candidates are
required to have four well-reconstructed tracks from
charged particles with zero net charge, and at least three
good photon candidates.
A charged track reconstructed from MDC hits should
have the polar angle, θ, |cosθ| < 0.93 and pass within ±10
cm of the interaction point along the beam direction and
within 1 cm in the plane perpendicular to the beam. To
separate K± from π±, we require that at least one track
is identified as a kaon using dE/dx and TOF information.
If the identified kaon has a positive (negative) charge, the
second kaon is found by searching for a combination that
minimizes |MK+K−−Mφ|, among all identified kaons and
the negative (positive) charged tracks, where MK+K− is
the invariant mass of the identified kaon and an uniden-
tified track with kaon mass hypothesis, and Mφ is the
nominal φ mass [1]. The remaining two charged tracks
are assumed to be pions.
The photon energy deposit is required to be at least 25
MeV in the barrel region of the EMC (|cosθ| < 0.80) or
50 MeV in the EMC endcaps (0.86 < |cosθ| < 0.92). To
suppress electronic noise and energy deposits unrelated
to the event, the EMC time t of the photon candidates
must be in coincidence with collision events within the
range 0 ≤ t ≤ 700 ns. At least three photons are required
in an event.
In order to improve the mass resolution, a four-
constraint (4C) kinematic fit is performed by assum-
ing energy-momentum conservation for the ψ(3686) →
3γK+K−π+π− process. If the number of photons
is larger than three, then looping all 3γK+K−π+π−
combinations and the one with the smallest χ24C is
chosen. The event is kept for further analysis if
χ24C(3γK
+K−π+π−) < 60, which is obtained by op-
timizing the figure of merit (FOM) S/
√
S +B, where
S and B are the numbers of MC simulated signal
and background events, respectively. In addition,
χ24C(3γK
+K−π+π−) < χ24C(4γK
+K−π+π−) is applied
to suppressed the background with an extra photon in
the final state.
A further requirement of |M recoilpi+pi−−MJ/ψ| > 8 MeV/c2
obtained by optimizing FOM, is applied to suppress the
ψ(3686) → π+π−J/ψ background, where the M recoilpi+pi− is
the recoil mass for the π+π− system, and MJ/ψ is the
nominal mass of J/ψ [1].
The π0 candidates are selected from the three γγ com-
binations as the pair with the minimum |Mγγ − Mpi0 |,
whereMpi0 is the nominal π
0 mass [1]. Figure 1(a) shows
the plot of the K+K− versus π+π−π0 invariant mass
for the selected events in the χcJ signal region ([3.3, 3.6]
GeV/c2), and a clear accumulation at the ω and φ mass-
es is observed. The bottom-central square |Mpi+pi−pi0 −
Mω| < 0.05 GeV/c2 and |MK+K−−Mφ| < 0.015 GeV/c2
obtained by optimizing FOM, is taken as the ωφ signal
region (labeled as D), and the five squares around the
signal region are taken as the sideband regions (labeled
as A, B and C), where Mpi+pi−pi0 (MK+K−) is the invari-
ant mass of π+π−π0 (K+K−). TheMK+K− distribution
with Mpi+pi−pi0 in the ω signal region in Fig. 1(b) shows
a clear φ peak. Correspondingly, the Mpi+pi−pi0 distribu-
tion with MK+K− within the φ signal region, as shown
in Fig. 1(c), indicates clear ω and φ peaks. The latter is
from the decay χcJ → φφ → K+K−π+π−π0. Figure 2
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FIG. 1. (a) Scatter plot of MK+K− versus Mpi+pi−pi0 for
events within the χcJ mass region. The boxes indicate the
sideband regions (labeled as A, B, and C) and signal region
(labeled as D). (b) and (c) are the one-dimensional projection
of the system recoiling against selected ω and φ candidates,
respectively. The short-dashed arrows show the signal regions
while long-dashed arrows show the sideband regions.
shows the invariant mass spectrum MK+K−pi+pi−pi0 for
events in the ωφ sideband regions (sub-figures labeled A,
B, and C) and the signal region (sub-figure labeled D)
with clear χcJ peaks in all plots.
Analysis of the ψ(3686) inclusive MC sample indicates
that the peaking background in the χcJ signal region
can be described by the sideband events. The data col-
lected at
√
s = 3.65 GeV with an integrated luminosity
of approximately 1/15 of the ψ(3686) data are used to
investigate non-resonant continuum background. After
the same event selection criteria are applied, only a few
events survive, and they do not have any obvious en-
hancements in the χcJ mass region.
IV. SIGNAL EXTRACTION
The number of the χcJ → ωφ events is determined by
fitting the MK+K−pi+pi−pi0 distributions within the ωφ
signal region (labeled as D in Fig. 1(a)). The signal is
described by the MC simulated shape convolved with a
Gaussian function, which is used to account for the dif-
ference in the χcJ mass and resolution between data and
MC simulation. The parameters of the Gaussian func-
tion are obtained using the sample ψ(3686) → γχcJ →
γφφ→ γπ+π−π0K+K−.
The peaking backgrounds from the χcJ → ωK+K−,
φπ+π−π0, and the non-resonant K+K−π+π−π0 back-
ground are estimated using the sideband regions labeled
A, B, and C in Fig. 1(a). The total peaking background
contribution, Nbkg, is the sum calculated as:
Nbkg = N
ωK+K−
bkg +N
φpi+pi−pi0
bkg +N
n−r
bkg , (1)
where NωK
+K−
bkg , N
φpi+pi−pi0
bkg , and N
n−r
bkg are numbers of
the aforementioned peaking background contributions.
The contributions are determined using the following
equations:
NωK
+K−
bkg = (NA −NC · fC→A) · fA→D, (2)
Nφpi
+pi−pi0
bkg = (NB −NC · fC→B) · fB→D, (3)
Nn−rbkg = NC · fC→D, (4)
where NA, NB, and NC are the numbers of the fit-
ted χcJ events in the A, B, and C regions, respective-
ly; fC→A, fC→B, fC→D, fA→D, and fB→D are the rela-
tive scaling factors for the different regions. The factors
are estimated using the corresponding MC simulation of
χcJ → K+K−π+π−π0, ωK+K−, and φπ+π−π0. For
example, fA→D is the ratio of the χcJ → ωK+K− yields
between the D and A regions.
We perform a simultaneous unbinned maximum likeli-
hood fit to the MK+K−pi+pi−pi0 distributions in the signal
and sideband regions. The result of the fit is shown in
Fig. 2. The parameters of the Gaussian functions ac-
counting for the difference between data and MC simula-
tion are assumed to be the same for the signal and side-
bands. The shape of the distributions outside the χcJ
peaks is described by a polynomial function. The sta-
tistical significance of the χc1 (χc2) signal is determined
6by comparing the −2lnL value with the one from the fit
without the χc1 (χc2) signal component, and considering
the change in the number of degrees of freedom. The
results are 12.3σ and 4.8σ for χc1 and χc2, respectively.
The extracted numbers of the χcJ → ωφ events are given
in Table I.
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FIG. 2. Simultaneous fit to the MK+K−pi+pi−pi0 distributions
in the sidebands (A, B, and C) and the signal (D) regions.
The dots with error bars are data, the solid lines are the fit
results, and the dotted lines represent the signal components.
The long-dashed line is background normalized using the si-
multaneous fit to the ωφ sidebands, and the short-dashed line
is the remaining background.
The product branching fractions, B(ψ(3686)→ γχcJ)
×B(χcJ → ωφ) = B1 × B2, are calculated as
B1 × B2 =
NχcJobs
Nψ(3686) · B(ω) · B(φ) · B(π0) · ǫ
, (5)
where Nψ(3686) is the number of ψ(3686) events, B(ω),
B(φ), and B(π0) are the branching fractions of ω →
π+π−π0, φ → K+K−, and π0 → γγ, respectively [1].
The corresponding detection efficiencies, ǫ, are obtained
from the MC simulations. The results for the product
branching fractions are listed in Table I.
By using the world average values of B(ψ(3686) →
γχcJ), the absolute branching fractions of χcJ → ωφ are
determined and also listed in Table I.
V. SYSTEMATIC UNCERTAINTIES
The contribution of systematic effects on the product
branching fractions from various sources is described in
the following:
1. The tracking efficiency for π and K is investigat-
ed using control samples of J/ψ → ρπ [18] and
ψ(3686) → π+π−K+K−, respectively. The differ-
ence in the efficiency for the track reconstruction
between data and MC simulation is 1.0% per pion
and per kaon. Assuming they are all correlated, the
uncertainty due to tracking efficiency is 4%.
2. The particle identification (PID) efficiency for
kaons is investigated with control samples of J/ψ →
K∗(892)0K0S + c.c., and the systematic uncertain-
ty is determined to be 1% per kaon track [18]. In
this analysis, only one of the two charged tracks is
required to be identified as kaon. The bias on one
of the two tracks being a kaon track will be much
smaller than 1%. Therefore, the uncertainty due to
PID efficiency is negligible.
3. The uncertainty of the photon reconstruction effi-
ciency is studied using J/ψ → ρπ [26]. The differ-
ence between data and MC simulation is found to
be 1.0% per photon, and the value 3% is taken as
the systematic uncertainty.
4. The uncertainty of MC generator comes from mod-
eling ψ(3686)→ γχc1,2 and χcJ → ωφ in MC sim-
ulation.
The uncertainty of assuming ψ(3686) → γχc1,2 as
pure E1 transition is studied by taking the higher-
order multipile amplitudes contribution [27] into
account in the MC simulation. The resulting ef-
ficiency difference of 0.9% for χc1, and 0.5% for
χc2, are taken as this systematic uncertainty. The
uncertainty of modeling χcJ → ωφ is studied by
changing the model from helamp to a pure phase
7TABLE I. Number of signal events (NχcJobs ), detection efficiency (ǫ), the product branching fraction B1 × B2 = B(ψ(3686) →
γχcJ) × B(χcJ → ωφ), and the absolute branching fraction B(χcJ → ωφ). Here, the first uncertainty is statistical and the
second systematic.
Mode NχcJobs ǫ (%) B1 × B2 B(χcJ → ωφ)
χc0 → ωφ 486.3 ± 24.5 17.99 ± 0.06 (13.83 ± 0.70 ± 1.01) × 10
−6 (13.84± 0.70 ± 1.08) × 10−5
χc1 → ωφ 104.7 ± 12.1 20.04 ± 0.06 (2.67± 0.31± 0.27) × 10
−6 (2.80± 0.32 ± 0.30) × 10−5
χc2 → ωφ 32.9 ± 8.3 18.47 ± 0.06 (0.91± 0.23± 0.12) × 10
−6 (1.00± 0.25 ± 0.14) × 10−5
space distribution. The resulting efficiency differ-
ence of 4.1% for χc0, 5.6% for χc1, and 1.3% for
χc2, are taken as this systematic uncertainty.
The total systematic uncertainties of MC genera-
tor are obtained to be 4.1% for χc0, 5.7% for χc1,
and 1.4% for χc2 by summing all individual contri-
butions in quadrature, assuming two sources to be
independent.
5. The uncertainty related to the π0 mass window is
studied by fitting the π0 mass distribution of data
and signal MC for the control sample ψ(3686) →
π+π−π0. We obtain the π0 detection efficiency,
which is the ratio of the number of π0 events select-
ed with and without the π0 mass window require-
ment, determined by integrating the fitted signal
shape. The difference in the efficiency between da-
ta and MC simulation is 0.8%.
6. The uncertainty related to the M recoilpi+pi− mass win-
dow requirement is studied with the control sam-
ple ψ(3686) → π+π−J/ψ, J/ψ → µ+µ−. We ob-
tain the M recoilpi+pi− detection efficiency, which is the
ratio of the number of events with and without the
M recoilpi+pi− mass window. The difference in the effi-
ciency between data and MC simulation is 0.4%.
7. The systematic uncertainties associated with the
4C kinematic fit are studied with the track he-
lix parameter correction method, as described in
Ref. [28]. In the standard analysis, these correc-
tions are applied. The difference of the MC signal
efficiencies with the uncorrected track parameters
are 1.5%, 1.9%, and 2.3% for χc0, χc1, and χc2 de-
cays, respectively. These values are taken as the
uncertainties associated with the 4C kinematic fit.
8. The uncertainty related to the fitting comes from
the fit range, ω and φ mass windows, sideband re-
gions, and fitting function (including resolution and
remaining backgrounds shape).
(a) The uncertainty due to the fit range is esti-
mated by changing the range by ±5 MeV/c2
in the mass spectrum, since the the non-
resonant K+K−π+π−π0 background shape is
quite smooth according to the topology analy-
sis with the inclusive MC sample. The largest
differences for the branching ratios are 1.0%
for χc0, 3.0% for χc1, and 10.0% for χc2. These
numbers are assigned as the corresponding
systematic uncertainties.
(b) The uncertainties associated with the φ and
ω mass windows are estimated using two con-
trol samples, ψ(3686) → γχcJ , χcJ → φφ →
(K+K−) (π+π−π0), and ψ(3686) → γχcJ ,
χcJ → ωω → 2(π+π−π0), respectively. The
efficiency for the ω(φ) selection is obtained
from the comparison of the ω (φ) yields deter-
mined from the π+π−π0 (K+K−) mass spec-
trum with and without the ω (φ) selection re-
quirement. The difference in ω (φ)-selection
efficiency between data and MC simulation,
1.9% (0.6%), is taken as the uncertainty of
the ω (φ)-mass window.
(c) The uncertainty due to background esti-
mates using the sidebands can be divided
in two groups. One is due to the side-
band ranges, the other is due to contribu-
tions of various intermediate states in χcJ →
K+K−π+π−π0 in the MC simulation used
to extract the scaling factors. The for-
mer can be estimated by changing the side-
band range. By changing the mass region of
Mpi+pi−pi0 from [0.633, 0.683]/[0.883, 0.933] to
[0.631, 0.681]/[0.881, 0.931] GeV/c2, and the
mass region of MK+K− from [1.04, 1.07] to
[1.042, 1.072] GeV/c2, the differences of χc0,1,2
signal yields are 0.6%, 4.6%, and 5.1%, re-
spectively. For the non-resonant χcJ →
K+K−π+π−π0, a phase space process was
used. The experimental distributions indicate
the contribution of the intermediate states
involving K∗(892): χcJ → K∗0K¯∗0π0 and
χcJ → K∗+K−π+π− + c.c.. The correspond-
ing MC distributions are mixed with the phase
space model according to the ratios estimated
from the fits to data to recalculate the scale
factors related to the region C. The differences
of the χc0,1,2 signal yields are 0.2%, 2.0%, and
4.2%, respectively. The resulting differences
due to the two preceding effects are found to
be 0.6%, 5.0%, and 6.6% for χc0,1,2, respec-
tively.
8(d) The systematic effects from the detector res-
olution difference between data and MC sim-
ulation are studied with the control sample
ψ(3686) → γχcJ → φφ → K+K−π+π−π0.
We change the difference by one standard de-
viation. No changes are found for the χc0,1,2
signal yields and these systematic uncertain-
ties are neglected.
(e) The uncertainty from the non-χcJ background
is estimated by changing the polynomial from
first to second order in fitting MK+K−pi+pi−pi0
mass spectrum. The differences in the final
results are 0.4%, 0.5%, and 0.2%, respectively.
9. The systematic uncertainties due to the branching
fractions of ω → π+π−π0 and φ → K+K− are
0.8% and 1.0%, respectively [1]. Therefore, the un-
certainties of the final results are 1.3%.
10. The number of ψ(3686) events is estimated from the
number of inclusive hadronic events, as described
in Ref. [19]. The uncertainty of the total number
of ψ(3686) events is 0.6%.
Table II summarizes the systematic uncertainties and
their sources for the product branching fractions. The
total systematic uncertainties are obtained by summing
all individual contributions in quadrature, assuming all
sources to be independent. For the uncertainties of ab-
solute branching fractions χcJ → ωφ, the uncertainty
arising from ψ(3686)→ γχcJ transition rate is added.
TABLE II. Relative contributions to systematic uncertainties
in measuring the product branching fraction of B1 × B2 =
B(ψ(3686) → γχcJ)× B(χcJ → ωφ) (in units of %).
Source χc0 χc1 χc2
Tracking efficiency 4.0 4.0 4.0
PID efficiency negligible negligible negligible
Photon efficiency 3.0 3.0 3.0
MC generator 4.1 5.7 1.4
π0 mass window 0.8 0.8 0.8
M recoilpi+pi− mass window 0.4 0.4 0.4
Kinematic fit 1.5 1.9 2.3
Fit range 1.0 3.0 10.0
ω mass window 1.9 1.9 1.9
φ mass window 0.6 0.6 0.6
Sidebands 0.6 5.0 6.6
Resolution negligible negligible negligible
Remaining background shape 0.4 0.5 0.2
Intermediate state 1.3 1.3 1.3
Nψ(3686) 0.6 0.6 0.6
Total 7.2 10.2 13.7
VI. RESULTS AND DISCUSSION
Using the data sample of (448.1± 2.9) × 106 ψ(3686)
events collected with the BESIII detector, we present the
improved measurement of the doubly OZI suppressed de-
cays χcJ → ωφ. The decay χc1 → ωφ is observed for
the first time with a 12.3σ statistical significance and
the branching fraction of χc0 → ωφ is measured with
improved precision. We also observe strong evidence
for χc2 → ωφ at a statistical significance of 4.8σ. The
product branching fractions, B(ψ(3686) → γχc0,1,2) ×
B(χc0,1,2 → ωφ), and the absolute branching fractions,
B(χc0,1,2 → ωφ), are determined as listed in Table I. In
addition, using the branching fractions of χc1 → ωω, φφ
from Ref. [18], the ratios B(χc1 → ωφ)/B(χc1 → ωω)
and B(χc1 → ωφ)/B(χc1 → φφ) of (4.67 ± 0.78) × 10−2
and (5.60±1.01)×10−2 are obtained, respectively. Here,
the common systematic uncertainties in the two mea-
surements cancel in the ratio. These ratios are one order
of magnitude larger than the theoretical predictions [9].
These measurements will be helpful in clarifying the in-
fluence of the long-distance contributions in this energy
region, understanding the theoretical dilemma surround-
ing the OZI and HS rules, and checking mesonic loop
contributions and the ω − φ mixing effect.
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